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Abstract A variety of factors can influence an individual’s
choice of within-group spatial position. For terrestrial social
animals, predation, feeding success, and social competition
are thought to be three of the most important variables. The
relative importance of these three factors was investigated
in groups of ring-tailed coatis (Nasua nasua) in Iguazú,
Argentina. Different age/sex classes responded differently
to these three variables. Coatis were found in close
proximity to their own age/sex class more often than
random, and three out of four age/sex classes were found to
exhibit within-group spatial position preferences which
differed from random. Juveniles were located more often
at the front edge and were rarely found at the back of the
group. Juveniles appeared to choose spatial locations based
on feeding success and not predation avoidance. Since
juveniles are the most susceptible to predation and
presumably have less prior knowledge of food source
location, these results have important implications in
relation to predator-sensitive foraging and models of
democratic group leadership. Subadults were subordinate
to adult females, and their relationships were characterized by
high levels of aggression. This aggression was especially
common during the first half of the coati year (Nov–April),
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and subadults were more peripheralized during this time
period. Subadults likely chose spatial positions to avoid
aggression and were actively excluded from the center of the
group by adult females. In the Iguazú coati groups, it appeared
that food acquisition and social agonism were the major
determinants driving spatial choice, while predation played
little or no role. This paper demonstrates that within-group
spatial structure can be a complex process shaped by differences in body size and nutritional requirements, food patch
size and depletion rate, and social dominance status. How and
why these factors interact is important to understanding the
costs and benefits of sociality and emergent properties of
animal group formation.
Keywords Coati . Social foraging . Spatial position .
Nasua . Predation . Dominance . Feeding competition

Introduction
The within-group spatial position of animals is mostly
influenced by feeding competition, predation threat, and
social dominance (reviewed in Hirsch 2007a). In general,
individuals in central spatial positions experience a lower
threat of predation and an increase in feeding competition
(Krause 1994; Krause and Ruxton 2002; Caro 2005). In
moving groups, individuals at the front edge typically
undergo higher predation threat and foraging success
compared to the back of the group (Busse 1984; Janson
1990b; Bumann et al. 1997; Carbone et al. 2003; Di Blanco
and Hirsch 2006; Romey and Galbraith 2008). This pattern
arises due to increased predator encounter rates at the front
of the group and food depletion from the front to back of
the group. Alternately, contest competition can lead to
increased feeding success in the center of the group, which
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has been found in several species (Robinson 1981; van
Schaik and van Noordwijk 1986, 1988; Janson 1985,
1990b; Barton 1993; reviewed in Hirsch 2007a).
In some cases, within-group spatial choice is largely
driven or constrained by social interactions and dominance
status. Several studies have reported a correlation between
dominance status and centrality (Robinson 1981; Janson
1985, 1990a; van Schaik and van Noordwijk 1986; Rayor
and Uetz 1990; Clifton 1991; Flynn and Giraldeau 2001;
Krause 1994; Ron et al. 1996). Janson (1985, 1990a, b)
emphasized that feeding ecology could drive these patterns.
In many studies of frugivorous primates, centrality in the
group often equates to being inside a fruit tree, during
which time subordinates are often excluded from the food
patch (Vogel and Janson 2007).
Hemelrijk (1998, 2000) noted that patterns of group
geometry could arise from simple social processes, such as
subordinates moving away from dominants after aggressive
encounters. Using individual-based computer models,
Hemelrijk (1998, 2000) found that dominants were predicted
to be more central while subordinates should be peripheralized as a result of aggressive interactions. If spatial centrality
of dominants can arise in the absence of predation and
feeding competition effects, these computer models are an
important insight into the origin and formation of withingroup spatial preferences. However, it must be noted that the
dominance relations that Hemelrijk modeled are typically
driven by feeding competition; thus, the two factors are often
inexorably linked. Although the avoidance of dominants
may be an important proximate factor in determining spatial
position, the underlying cause in most cases is presumed to
be feeding competition. In an interesting counterexample,
Ron et al. (1996) found that competition for central spatial
positions in baboons was not related to food, but for spatial
positions that were safer from predation.
The purpose of this study was to determine the relative
importance of dominance, feeding competition, and predation on the spatial structure of ring-tailed coatis (Nasua
nasua). Iguazú is an interesting study area because feeding
ecology played an unexpected role in relation to foraging
success and within-group spatial position. When coatis fed
on small ground-litter invertebrates, no front-to-back food
depletion was found (Hirsch 2010). During fruit feeding,
feeding success declined from the front to the back of the
group. This may be related to the rapid depletion times of
many of the fruit trees fed upon by coatis, which would
have led to a reduction in the amount of fruits available to
late-arriving coatis (Hirsch 2009). Coatis spent most of
their foraging time searching for ground-litter invertebrates
but typically visited several fruit trees per day (Hirsch 2009,
2010). Paradoxically, the ability to arrive at fruit trees first
was driven by spatial choice during invertebrate foraging.
Because fruit trees were regularly visited and quickly
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depleted, coatis at the front of the group during invertebrate
foraging were typically the first to arrive at fruit trees
(Hirsch 2010).
A previous study of white-nosed coati (Nasua narica)
spatial position preferences reported that adults typically
ranged on the periphery of the group during terrestrial
invertebrate foraging while the smaller, more vulnerable
juveniles were located in the center (Russell 1979). Russell
concluded that this pattern was a response to predation
because the most vulnerable individuals ranged in the
center of the group. The effects of feeding competition and
predation on within-group spatial position do not solely
differ between the center and periphery but also depend on
whether an individual is located in the front or back of the
group (Di Blanco and Hirsch 2006; Hirsch 2007a).
Previous work on the Iguazú study population found that
individuals at the front edge of the group spent significantly
more time vigilant compared to all other spatial positions,
indicating a particularly high threat of predation at the front
edge of the group (Di Blanco and Hirsch 2006).
The unusual system of dominance in ring-tailed coatis
may also play a large role in determining spatial position
preferences and constraining the choices available for
certain age/sex classes. Juvenile ring-tailed coatis were
found to win agonistic interactions against older, larger
individuals (Hirsch 2007b). This behavior was reinforced
by coalitionary support from adult females who often
directed aggression towards any older coati who fought
with a juvenile (Hirsch 2007b). This aggression was
particularly severe between adult females (coatis 2 years
or older) and subadults (coatis between 1 and 2 years of
age) during November–April, when the newborn juveniles
were younger and more vulnerable. This seasonal increase
in aggression allows juveniles to have priority access to
food resources and free choice of within-group spatial
positions (Hirsch 2010). Conversely, if subadults attempt to
avoid violent confrontations with adult females, their spatial
choice may be constrained to areas where adult females are
not present.
These considerations lead to the following hypotheses:
Hypothesis 1. If predation was the principal factor driving
spatial patterns, small juveniles which are
more vulnerable to predation should be
more central than other age/sex classes
and should rarely be found at the front
edge of the group.
Hypothesis 2. Individuals on the front edge of the group
during invertebrate foraging arrived at fruit
trees first and had higher feeding success
on fallen fruit. If feeding success was the
primary force driving spatial position preferences, it is predicted that the highest-
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ranking age/sex classes (juveniles and adult
males) would be found on the front edge of
the group more often than other age/sex
classes.
Hypothesis 3. If spatial patterns were driven exclusively
by agonistic interactions, low-ranking subadults are predicted to avoid areas of the
group where they would encounter aggressive conspecifics. Because there were more
agonistic interactions between subadults
and adult females from November to April,
it is predicted that subadults should avoid
adult females more during the highaggression season.

Methods
This study was conducted at Iguazú National Park,
Argentina, between August 2002 and October 2004 (for
details of the field site, see Brown and Zunino 1990; Di
Bitetti 2001a, b). The park contains a full set of natural
terrestrial coati predators (Panthera onca, Puma concolor,
Leopardus pardalis, and Eira barbara), but aerial predators
are rare or absent (Harpia harpyja, Spizaetus ornatus, and
Spizaetus tyrannus) (Di Bitetti et al. 2006; Di Blanco and
Hirsch 2006). The two coati groups included in this study
ranged from nine to 29 individuals (Table 1). To locate the
groups, one to three adult females per group were fitted
with radio-collars. Coatis were captured using Tomahawk
or similar traps, anesthetized, and either fitted with radiocollars or given a unique combination of multi-colored plastic
ear tags for individual identification (Dalton Rototags). Ear
tags were placed on juveniles older than 4 months of age, and
it was possible to individually recognize all group members
older than 4 months of age. Groups of coatis were usually
habituated within 2 to 3 weeks. Habituated coatis would allow
observers to silently walk within 2 m of a focal animal without
disturbing their behavior.
Individual focal samples were taken on known individuals
from two groups (PQ and PSG) from August 2002 until
October 2004. The group composition changed over time, and
subadults were only present in the PQ group during 2003, and
the PSG group during 2004 (Table 1). Ten second individual
focal samples were recorded, and the same individual was
Table 1 Group membership for
the PQ and PSG during the
study period
Subadults are individuals
between 12 and 24 months of
age. Juveniles are between 2 and
12 months old

not resampled within 10 min. During the focal sample, I
recorded the identity of the focal individual, within-group
spatial position, individual and group activity, individual and
group terrestriality, group speed, the number and identity
(when possible) of all individuals within 3 m of the focal,
and the number of food items ingested. Short focal samples
were used because many of the associated variables recorded
during the focal samples changed frequently (particularly the
density of neighbors within 3 m). Individuals were selected
opportunistically. Due to poor overall visibility in the dense
forest, it was not feasible to select individuals based on a
pre-determined order. Adults were preferentially targeted
over juveniles, especially during 2004 when both groups had
large numbers of juveniles.
Spatial position of individuals was recorded in the same
manner as Janson (1990a, b). The group spread was
visually divided into three concentric circles or ellipses:
(1) center, (2) middle, and (3) edge, each representing one
third of the total diameter. The location of coatis within
these circles was then further subdivided into 12 positions
based on the number of a clock, with 12 being the frontmost position and six representing the back of the group.
These 36 spatial positions were then collapsed into five
spatial position categories (see figure in Hirsch 2010): (1)
front edge, (2) front middle, (3) center, (4) back middle, (5)
back edge. The average length and width of the two groups
were 23.23 by 14.34 m, respectively (Hirsch 2010).

Statistical analyses
The number of samples recorded for each age/sex class
varied due to differences in the number of individuals
in each age/sex class and opportunistic sampling.
Unequal sample sizes were recorded for each spatial
position because the area of outer spatial positions was
larger than inner spatial positions and because coati
density varied by spatial position (sample size for
spatial position: (1) front edge=1,423, (2) front middle= 731, (3) center= 740, (4) back middle= 652, (5)
back edge=928). When coati groups were at a fruit
tree, the group spread was often smaller, and the
density of individuals increased. To control for any
possible effects of fruit feeding on spatial position
preferences, only samples taken during invertebrate

Group

Year

Adult males

Adult females

Subadults

Juveniles

Total group size

PQ

2003
2004
2003
2004

1
0–1
0–1
1

3
5
3–5
5

2
0
0
6

9
22–24
6
15–17

15
27–29
9–12
27–29

PSG
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foraging were used in this analysis (see Hirsch 2010 for
fruit foraging results). Because spatial position during
invertebrate foraging is the better predictor of whether an
individual will arrive at a fruit tree first, using spatial
position data while feeding on invertebrates should be the
best test for comparing the effects of feeding competition,
predation, and aggression. Samples from the two groups
were combined into one dataset after an initial analysis
indicated that spatial preferences did not differ between
groups. In order to test whether age/sex class had a
significant effect on spatial position, the focal samples
were entered into a contingency table with four age/sex
classes and five spatial positions (N =20 cells). To test for
changes over time and different levels of agonism
between adult females and subadults, the dataset was
divided into two seasons, resulting in two contingency
tables. Levels of aggression between adult females and
subadults of both sexes changed over time. Higher
amounts of aggression were observed during the first
half of the coati year, which corresponds to when the
juveniles first entered the groups until they were 6 months
of age (November–April). During the latter half of the
coati year (May–October), aggression was less severe
(Hirsch 2007b). Expected cell-wise values were calculated for each age/sex class and spatial position based on the
total number of samples recorded for each age/sex class
and the total number of samples recorded at each spatial
position. The relative deviations from these expected
values were calculated by subtracting the observed values
from the expected values and then dividing these by the
expected values. G tests were used to test whether the
observed spatial position distribution of different age/sex
classes was different from random. If the G test P value
for an age/sex class was <0.05, cell-wise χ2 values were
calculated for each age/sex class and spatial position
combination. With the exception of adult males, all χ2
tests for homogeneity were significantly different than
expected. The cell-wise relative deviations were then
graphed for each age/sex class.
A separate analysis was conducted to measure spatial
association patterns within and between certain age/sex
classes. Association indexes were created using data from
the two group years when subadults were present (PQ
2003, PSG 2004). Association matrixes were constructed
using individual focal samples in which all individuals
within 3 m were identified (N=3,731). Two matrices per
year were constructed to test for the effects of changes in
aggression level over time (high- versus low-aggression
season). Because of a delay in marking the PSG juveniles
during 2004, the first PSG matrix during 2004 does not
include juveniles. The total number of neighbors observed
within 3 m for each age/sex class during the focal samples
was summed and divided by the total number of group
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members which could have been a neighbor to the focal
(group size minus one). This number was then multiplied
by the number of members of each age/sex class to
determine the predicted number of individuals in each
age/sex class which should have been observed within 3 m
of the focal. The symbol α equals the particular age/sex
class analyzed.
Expected # neighbors of a age=sex class


# of all neighbors observed < 3m
¼
# of individuals in group 1
 # of individuals of a age=sex class
This association index was then summarized for
each age/sex class to determine whether some age/sex
classes were found in close proximity to other age/sex
classes more or less often than predicted. Samples
recorded for each age/sex class were analyzed using G
tests to determine whether the distribution of observed
neighbor associations deviated from the expected values.
Proportional deviations from expected values were
calculated by subtracting the expected number of neighbors by the observed number of neighbors for each age/
sex class and then dividing this value by the expected
number of neighbors. Cell-wise P values were then
calculated for each age/sex class, but only if the P value
for the overall test for heterogeneity was <0.05.
Results
With the exception of adult males, the spatial distribution of
each age/sex class was significantly different from random
(G test χ2 value >9.488, df=4). Juveniles were found more
frequently in the front edge spatial position and less likely
in the back edge position (front edge deviation=0.111, χ2 =
4.662, P=0.031, back edge deviation=−0.314, χ2 =20.616,
P<0.001). Juveniles were not expected to shift spatial
position preferences over time based on the amount of
aggression between subadults and adult females; thus, data
from all 12 months were used for juveniles. The spatial
patterns of adult females and subadults changed over time
(high-aggression season: total model R2 = 0.021, N =
1,472, df = 12, χ2 = 95.187, P= <0.001; low-aggression
season: total model R2 =0.007, N=1,957, df=12, χ2 =
44.546, P=<0.001). During the high-aggression season,
adult females and subadults exhibited more pronounced
spatial position preferences than during the latter part of
the year (Figs. 1 and 2). Adult females were more central
in the group and less peripheral during the high-aggression
season. The spatial distribution of subadults during the
high-aggression period was the opposite of the adult
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Adult Males

Adult Females

0.5

0.5

0.3

0.3

0.1

0.1

-0.1

-0.1

1

2

3

4

5

-0.3

-0.3

-0.5

-0.5

*
*

1
**

2

Subadults

0.5

0.5

0.3

0.3

0.1

0.1

-0.1

-0.1

2

3

4

4

-0.3

5
*

-0.5

5
*

Juveniles

1

3

***

*

1

2

3

-0.3

4

5

*
***

-0.5

**

Fig. 1 Deviations from expected values of within-group spatial
position during the high-aggression season, November–April. Spatial
positions 1=front edge, 2=front middle, 3=center, 4=back middle, 5=

back edge. *P≤0.05, **P≤0.01, ***P≤0.01. Total model R2 =0.021,
df=12, χ2 =95.187, P=<0.001, N=1,472

females; they were less likely to be in central spatial
positions and more likely to be peripheral (Fig. 1). During
the season of lower aggression, both adult females and
subadults were often located at the back edge of the group
(Figs. 1 and 2).
The density of individuals within 3 m of the focal
individual varied depending on the location inside the
group. The average number of neighbors was highest in the
center compared to peripheral spatial positions, and
individuals in the front had more neighbors than individuals
in the back of the group (average number of neighbors
within 3 m; front edge=1.50, front middle=2.34, center=
3.03, back middle=1.63, back edge=1.18). The number of

neighbors within 3 m differed by age/sex class (Kruskal–
Wallis test, χ2 =56.00, df=3, P<0.001) and by season (χ2 =
59.00, df=1, P<0.001) (Fig. 3). The most notable difference
was that adult females had many more close neighbors when
their offspring were young compared to when offspring were
6 months of age or older (χ2 =96.00, df=1, P<0.001).
The age/sex class composition of near neighbors of adult
females, subadults, and juveniles were all different from the
predictions based on group composition (Table 2). Adult
females and subadults were always found in close proximity
less than predicted, with the exception of PQ group subadult
neighbors during the latter half of 2003. The skew in
neighbor preferences for adult females and subadults was
Adult Females

Adult Males
0.5

0.5

0.3

0.3

0.1

0.1

-0.1

-0.1

1

2

3

4

5

-0.3

-0.3

-0.5

-0.5

*

1

2

0.5

0.3

0.3

0.1

0.1

-0.1

-0.1

2

3

4

5

Subadults

Juveniles
0.5

1

3

4

5

-0.3

*

1

2

3

4

5

-0.3
***

-0.5

Fig. 2 Deviations from expected values of within-group spatial
position during the low-aggression season, May–October. Spatial
positions 1=front edge, 2=front middle, 3=center, 4=back middle,

-0.5

5=back edge. *P≤0.05, **P≤0.01, ***P≤0.001. Total model R2 =
0.007, df=12, χ2 =44.546, P=<0.001, N=1,957
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3

number of juveniles, which often clustered together, may
have skewed the results of other age/sex classes.

2.5
2
1.5

Discussion

1
0.5

Hypothesis 1: predation and spatial position

0
Adult Females

Adult Male

Subadults

Juveniles

Fig. 3 Average number of neighbors within 3 m of each age/sex class
(±SE). The black bars correspond to the high-aggression season
(November–April), and the low-aggression season (May–October),
striped bars

greater during the period in which juveniles were 6 months
of age or younger compared to the latter half of the year. In
general, each age/sex class was found with other members of
the same age/sex class more often than predicted (Table 2).
A seeming exception to the pattern of age/sex class
cohesiveness was the pattern found during the latter half of
2004 in the PSG group. During this time, both subadults and
adult females were found to be negatively associated within
their own age/sex classes. In this case, an exceptionally large

There is little evidence that predation was the major factor
shaping within-group spatial position preferences in ring-tailed
coatis. If predation was a major factor, juveniles should have
been found on the front edge of the group less often than other
age/sex classes and more frequently in the center of the group.
This hypothesis was not supported, and juveniles were found
on the front edge of the group more often than predicted. A
previous study of white-nosed coati spatial position in Panama
found that juveniles were more often located in the center of
the group, and it was concluded that adult peripherality
functioned to protect juveniles from predators (Russell
1979). This mechanism was clearly not driving adult female
spatial preferences in Iguazú because adult females were
found in the center of the group more often than predicted,
especially when juveniles were younger and more vulnerable.

Table 2 Deviations from expected summed pair wise associations for each age/sex class
Adult male
Deviation

P

Adult females

Subadults

Deviation

Deviation

Group PQ, high-aggression season, March–April 2003
Adult male
–
–
−0.129
Adult females
−0.677
<0.001
0.085
Subadults
0.195
0.026
−0.175
Juveniles
−0.383
<0.001
0.532
Group PQ, low-aggression season, May–October 2003
Adult male
–
–
0.00
Adult females
−0.553
0.002
0.005
Subadults
−0.451
0.029
0.190
Juveniles
−0.563
<0.001
−0.114

P

−0.306
−0.568
−0.339

0.007
0.010
<0.023

−0.289
−0.222
−0.295

P

Deviation

Number of focal samples
P

–
<0.001
<0.001
<0.001

0.307
−0.624
1.732
−0.244

–
<0.001
<0.001
<0.001

−0.025
0.103
−0.156
0.750

–
<0.001
<0.001
<0.001

75
735
164
672

–
0.593
0.003
<0.001

−0.250
−0.181
0.647
−0.192

–
0.003
<0.001
<0.001

0.056
0.100
−0.085
0.161

–
<0.001
0.001
<0.001

28
188
102
416

−0.062
−0.260
0.606

–
<0.001
<0.001

Group PSG, high-aggression season, December 2003–April 2004
Adult male
–
–
0.074
–
Adult females
0.704
<0.001
0.214
<0.001
Subadults
−0.465
<0.001
−0.513
<0.001
Group PSG, low-aggression season, May–October 2004
Adult male
–
–
−0.017
–
Adult females
Subadults
Juveniles

Juvenile

<0.001
<0.001
<0.001

43
213
226

−0.058

–

0.021

−0.151
−0.317
−0.394

<0.001
<0.001
<0.001

0.139
0.173
0.244

–
<0.001
<0.001
<0.001

83
346
222
218

Rows represent the focal individuals and columns represent the deviations from predicted pair wise associations. Each age/sex class was tested for
heterogeneity for each time period (e.g., each row) using G tests. With the exception of adult males, the distribution of neighbors for all age/sex
classes differed from expected for all years (df=3, G test χ2 >7.815). In every year, adult males did not significantly differ from expected (df=2, G test

χ2 <5.991). The cell-wise P values for adult males were not reported to reflect this lack of overall significance

Author's personal copy
Behav Ecol Sociobiol (2011) 65:391–399

The population density of medium- and large-sized
ground predators (ocelots, puma, jaguars) in Iguazú is
generally lower than most comparable tropical forest sites
(Di Bitetti et al. 2006; Kelly et al. 2008; Paviolo et al. 2008;
Hirsch 2009). If the number of predators and threat of
predation is low, juveniles in Iguazú may have no need to
locate themselves in the group center. A previous study of
coati vigilance in Iguazú contradicts this hypothesis. Because
levels of anti-predatory vigilance were much higher at the
front of the group than all other spatial positions, coatis
likely perceive that the front edge of the group is the most
dangerous spatial position (Di Blanco and Hirsch 2006).
Even though the front edge of the group is perceived to be
the most dangerous spatial position, juvenile coatis were
frequently found in the front edge of the group; thus,
foraging benefits may have outweighed the increased risk of
predation in this population. Ideally, further studies of coati
vigilance behavior and spatial position preference could be
conducted in field sites with higher predator densities to shed
more light on this issue.
Hypothesis 2: feeding competition
Higher feeding rates at the front edge spatial position have
been found in a large variety of species, including this
population of coatis (Krause and Ruxton 2002; Hirsch
2010). If feeding competition was the main factor determining within-group spatial position, dominant juvenile
coatis should have been found at the front edge of the group
more than lower-ranking age/sex classes. Juveniles likely
chose front edge spatial positions during invertebrate
foraging to arrive at fruit resources before other age/sex
classes. By arriving first, the juveniles were able to
consume more and possibly higher-quality fruit than those
who arrived later. It was common to observe a large number
and density of juveniles at the front edge of the coati groups
during foraging and travel, while the other age/sex classes
mostly trailed behind. This resulted in a higher density of
individuals at the front edge of the group compared to the
back edge.
If a positive correlation existed between dominance rank
and the choice of front edge spatial positions, subadults
should have been found at the front edge less than all other
age/sex classes. During the high-aggression season, the
opposite pattern was found, and subadults were located at
the front edge of the group more often than predicted.
Subadults appeared to use a bimodal spatial position
strategy (cf. non-tolerated adult capuchin monkeys: Janson
1990a). They either ranged at the front of the group or the
back, but rarely the center. When at the front, subadults
were sometimes able to arrive at fruit trees before others but
were often forced to leave when adult females arrived
(Hirsch 2007c, 2010). Subadults were most often found at
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the back edge of the group throughout the year. In this back
edge location, subadults could eat whatever food the rest of
the group did not consume, while simultaneously avoiding
aggression. The patterns found in this study indicate that
the spatial choice of subadults was mostly shaped by social
constraints (e.g., exclusion from the center of the group).
Alternately, subadults could have been shifting their spatial
preferences to match more complex mechanisms of feeding
competition (Hirsch 2007a, 2010).
Adult males were not found at the front edge of the
group more often than other age/sex classes, and adult
males were found at fruit trees less frequently than all other
age/sex classes (Hirsch 2010). These results are surprising
because adult males are generally dominant to all other age
sex classes (Hirsch 2007b). This latter conclusion may be
misleading because dominance rank was based on dyadic
contests, and adult males may be subordinate to other age/
sex classes during coalitionary interactions. In some cases,
multiple adult females were seen chasing an adult male
(Hirsch 2007b). In white-nosed coatis, adult females and
their offspring have been observed forming coalitions
against adult males and chasing them from fruit tree
shadows (Gompper et al. 1997). The avoidance of fruit
trees may be connected to an increased risk of being a
victim of coalitionary aggression during feeding at these
clumped, high-valued food resources (Hirsch 2010).
Hypothesis 3: social effects on spatial position
Many of the observed patterns of spatial position preference
appear to have been heavily influenced by social factors. In
particular, subadults were less likely to be found in the
center of the group during the high-aggression season,
which is where the adult females were most often found
(Fig. 1). The center was not the area with the most food;
thus, the area where subadults faced the largest risk of
aggression was different from the best location for higher
feeding success. Subadult avoidance of adult females was
also reflected in the proximity data, wherein adult females
and subadults occurred as neighbors less often than
predicted during the high-aggression season (Table 2).
These patterns corresponded to observations that, when
juveniles first entered the group, subadults were chased
from or actively avoided areas where adult females were
found (Hirsch 2007b). This behavior probably served to
reinforce the newly subordinate status of subadults who
were dominant a few months prior. This seasonal increase
in aggression influenced patterns of spatial preference and
limited the spatial preference options available to subordinate subadults. Once levels of aggression subsided, the
subadults no longer strictly avoided being close to adult
females, and the subadults were less constrained in their
choice of spatial position.

Author's personal copy
398

Conclusion
The observed patterns of coati spatial position preference
partially mirror conclusions from Janson (1990a, b) who
found that dominant capuchin monkeys (the alpha male and
female) chose spatial positions that maximized their feeding
success and the least tolerated individuals stayed in peripheral
spatial positions despite higher predation risk and at best
mediocre foraging success. However, in Janson’s study, the
most vulnerable individuals preferentially stayed close to the
center of the group unlike ring-tailed coatis. In ring-tailed
coatis, food acquisition and social competition appeared to be
the major factors driving spatial position preference and not
predation. These patterns could have been influenced by
relatively low predator densities. The observation that
juvenile spatial choice was most influenced by food acquisition may be due to a high reproductive rate (four to six
offsprings per year) and the need for juveniles to grow very
rapidly in a short time period. If this greater drive to acquire
resources was the major factor causing juveniles to locate
themselves in risky spatial positions, it is predicted that these
patterns may be found in other mammal species with
relatively fast life histories. The presence of juveniles on the
front edge of the group may have important consequences
with respect to group leadership. If group leadership is
democratic and overly influenced by individuals on the front
edge of the group, as assumed in many models, the youngest
and presumably most naïve individuals in the group were
responsible for group leadership (Couzin et al. 2005; Conradt
and Roper 2007; Dyer et al. 2008). This would be one of the
first recorded examples of “leading by need” (Conradt et al.
2009). Alternately, mature adult females could have been able
to influence group decisions from the center of the group
using vocalizations or some other mechanism (Boinski 2000).
Given the frequent contact vocalizations given by coatis, the
latter hypothesis is highly plausible and should be studied in
more detail.
Acknowledgements I would like to thank Yamil Di Blanco,
Santiago Escobar, Carolina Ferrari, Fermino Silva, and Mauro
Tammone for help and assistance during the course of the field work.
I would also like to thank Viviana Muñoz for her veterinary
assistance. I am particularly grateful to Charles Janson for the
immeasurable amount of advice he gave me during all aspects of this
project and letting me borrow several pieces of much needed field
equipment. I am also very thankful for the consistently helpful
comments and advice from Mario Di Bitetti. This paper has benefited
tremendously thanks to comments by Matt Gompper, Charles Janson,
Andreas Koenig, Diane Doran-Sheehy, and two anonymous
reviewers. I thank the APN for permission to carry out work in
Iguazú. This study was funded in part by a National Science Fund
grant (BCS-0314525).
Ethical standards This study complied with all laws and regulations of Argentina, the Administración de Parques Nacionales, and
ASAB/ABS guidelines for animal welfare.

Behav Ecol Sociobiol (2011) 65:391–399
Conflict of interest
interest.

The author declares that he has no conflict of

References
Barton RA (1993) Sociospatial mechanisms of feeding competition in
female olive baboons, Papio anubis. Anim Behav 46:791–802
Boinski S (2000) Social manipulation within and between troops
mediates primate group movement. In: Boinski S, Garber PA
(eds) On the move: how and why animals travel in groups.
University of Chicago Press, Chicago, pp 421–469
Brown AD, Zunino GE (1990) Dietary variability in Cebus apella in
extreme habitats: evidence for adaptability. Folia Primatol
54:187–195
Bumann D, Krause J, Rubenstein D (1997) Mortality risk of spatial
positions in animal groups: the danger of being in the front.
Behaviour 134:1063–1076
Busse CD (1984) Spatial structure of chacma baboon groups. Int J
Primatol 5:247–261
Carbone C, Thompson WA, Zadorina L, Rowcliffe JM (2003)
Competition, predation risk and patterns of flock expansion in
barnacle geese (Branta leucopsis). J Zool 259:301–308
Caro T (2005) Antipredator defenses in birds and mammals.
University of Chicago Press, Chicago
Clifton KE (1991) Subordinate group members act as food-finders
within striped parrotfish territories. J Exp Mar Biol Ecol
145:141–148
Conradt L, Roper TJ (2007) Consensus decision making in animals.
Trends Ecol Evol 20:449–456
Conradt L, Krause J, Couzin ID, Roper TJ (2009) “Leading according
to need” in self-organizing groups. Am Nat 173:304–312
Couzin ID, Krause J, Franks NR, Levin SA (2005) Effective
leadership and decision-making in animal groups on the move.
Nature 433:513–516
Di Bitetti MS (2001a) Home range use by the tufter capuchin monkey
(Cebus apella nigritus) in a subtropical rainforest of Argentina. J
Zool 253:33–45
Di Bitetti MS (2001b) Food-associated calls in tufted capuchin
monkeys (Cebus apella). Ph.D. thesis, State University of New
York at Stony Brook
Di Bitetti MS, Paviolo A, De Angelo C (2006) Density, habitat use
and activity patterns of ocelots (Leopardus pardalis) in the
Atlantic Forest of Misiones, Argentina. J Zool 270:153–163
Di Blanco Y, Hirsch BT (2006) Determinants of vigilance behavior in
the ring-tailed coati (Nasua nasua): the importance of withingroup spatial position. Behav Ecol Sociobiol 61:173–182
Dyer JRG, Ioannou CC, Morrell LJ, Croft DP, Couzin ID, Waters DA,
Krause J (2008) Consensus decision making in human crowds.
Anim Behav 75:461–470
Flynn RE, Giraldeau L-A (2001) Producer–scrounger games in a
spatially explicit world: tactic use influences flock geometry of
spice finches. Behav Ecol 107:249–257
Gompper ME, Gittleman JL, Wayne RK (1997) Genetic relatedness,
coalitions, and social behavior of white-nosed coatis (Nasua
narica). Anim Behav 53:781–797
Hemelrijk CK (1998) Spatial centrality of dominants without
positional preference. In: Adami C, Belew RK, Kitano H, Taylor
C (eds) Artificial life VI: proceedings of the sixth international
conference on artificial life. MIT Press, Cambridge, pp 307–315
Hemelrijk CK (2000) Towards the integration of social dominance and
spatial structure. Anim Behav 59:1035–1048
Hirsch BT (2007a) Costs and benefits of within-group spatial position:
a feeding competition model. Q Rev Biol 82:9–27

Author's personal copy
Behav Ecol Sociobiol (2011) 65:391–399
Hirsch BT (2007b) Spoiled brats: an extreme form of juvenile
dominance in the ring-tailed coati (Nasua nasua). Ethology
113:446–456
Hirsch BT (2007c) Within-group spatial position in ring-tailed coatis
(Nasua nasua): balancing predation, feeding success, and social
competition. Ph.D. Thesis. Stony Brook University
Hirsch BT (2009) Seasonal variation in the diet of ring-tailed coatis
(Nasua nasua) in Iguazú, Argentina. J Mammal 90:136–143
Hirsch BT (2010) Spatial position and feeding success in ring-tailed
coatis (Nasua nasua). Behav Ecol Sociobiol. doi:10.1007/
s00265-010-1058-1
Janson CH (1985) Aggressive competition and individual food
consumption in wild brown capuchin monkeys (Cebus apella).
Behav Ecol Sociobiol 18:125–138
Janson CH (1990a) Social correlates of individual spatial choice in
foraging groups of brown capuchin monkeys, Cebus apella.
Anim Behav 40:910–921
Janson CH (1990b) Ecological consequences of individual spatial
choice in foraging groups of brown capuchin monkeys, Cebus
apella. Anim Behav 40:922–934
Kelly MJ, Noss AJ, Di Bitetti MS, Maffei L, Arispe RL, Paviolo A, de
Angelo CD, Di Blanco YE (2008) Estimating puma densities
from camera trapping across three study sites: Bolivia, Argentina,
and Belize. J Mammal 89:408–418
Krause J (1994) Differential fitness returns in relation to spatial
position in groups. Biol Rev 69:187–206
Krause J, Ruxton GD (2002) Living groups. Oxford University Press,
New York

399
Paviolo A, de Angelo CD, Di Blanco YE, Di Bitetti MS (2008) Jaguar
Panthera onca population decline in the Upper Parana Atlantic
Forest of Argentina and Brazil. Oryx 42:554–561
Rayor LS, Uetz GW (1990) Trade-offs in foraging success and
predation risk with spatial position in colonial spiders. Behav
Ecol Sociobiol 27:77–85
Robinson JG (1981) Spatial structure in foraging groups of wedgecapped capuchin monkeys Cebus nigrivittatus. Anim Behav
29:1036–1056
Romey WL, Galbraith E (2008) Optimal group positioning after a
predator attack: the influence of speed, sex, and satiation within
mobile whirligig swarms. Behav Ecol 19:338–343
Ron T, Henzi SP, Motro U (1996) Do female chacma baboons
compete for a safe spatial position in a southern woodland
habitat? Behaviour 133:475–490
Russell JK (1979) Reciprocity in the social behavior of coatis (Nasua
narica). Ph.D. dissertation University of North Carolina, Chapel
Hill
van Schaik CP, van Noordwijk MA (1986) The hidden costs of sociality:
intragroup variation in feeding strategies in Sumatran long-tailed
macaques (Macaca fascicularis). Behaviour 99:296–315
van Schaik CP, van Noordwijk MA (1988) Scramble and contest in
feeding competition among female long-tailed macaques
(Macaca fascicularis). Behaviour 105:77–98
Vogel ER, Janson CH (2007) Predicting the frequency of food
related agonism in white-faced capuchin monkeys (Cebus
capucinus), using a novel focal tree method. Am J Primatol
69:533–550

